Abstract A comprehensive study was planned to identify best packaging material for the variety "Lady Rosetta" which has a higher market demand. Three different packaging materials (i.e. jute, polypropylene and cotton bags) shown as T1 (control), T2 (Jute packaging), T3 (Polypropylene net bags) and T4 (Cotton packaging) were used. Physico-chemical (weight loss, total soluble solids, pH, starch and sugars) and functional attributes (ascorbic acids and total phenolic contents) were investigated at 15 days interval during storage (25±2 o C). The processing performance of stored potato was also assessed in terms of chip crispiness, flavor and color. The physico-chemical parameters investigated revealed an increased weight loss during storage in all samples, however, lower weight loss in polypropylene net bags with a significant difference at P ≤ 0.05. Similarly, total soluble solids increased throughout storage in with a minimum mean value in T3, however a decline observed in pH values with significant difference (P ≤ 0.05). Starch content reduced in the stored samples, while glucose content and total sugars increased significantly (P ≤ 0.05) in all samples. Maximum increase was observed in T1 and minimum in T3. Total phenolic contents showed a slight increase, while ascorbic acid reduced during 105 days storage in all samples. Superior processing results were obtained for the polypropylene stored samples followed by jute and cotton bags. The overall results revealed that polypropylene packaging was found best in maintaining tuber quality attributes up to 105 days during ambient storage. Thus, it is suggested that polypropylene net bags may be used for storage of potato as packaging material.
Introduction
Potato is semi delicate crop and store in low temperature to protect from germination and to confirm their regular supply whenever required. Low temperature potato storage is related with low temperature sweetening and is unsuitable in processing potato varieties [12]. Storage of potato in low temperature results in enzymatically hydrolysis of insoluble starch into soluble glucose, fructose and sucrose [13] . Tuber sweetening loss its market value due to formation of acrylamide which turn brown its fried products and bitter in taste [14] . There are high losses of potato in storage that significantly effects the farmer's economy. Packaging material used for potatoes is the effective operation which determine its storage quality. Packaging systems can be improved using low temperature storage [12]. Frazier [15] used inhibitors and or suppressants to increase storage while ethylene scavengers [16] and irradiation as integrated management to reduce postharvest damages. The packaging materials treated by means of sheets, cloaks, bags, or more solid containers retain different features that regulate gas interchange between the inner and outer packaging environment [17] . In Pakistan large bags made of jute are use in potato industry which has carrying capacity of 100 kg generally used to stock potato tubers after harvest. Hence an advance engineered packaging methods such as by using polyethylene, polypropylene, polystyrene and wound preventing corrugated cartons are essential to fulfill the basic food safety standard measures [18] . Usage of poor packaging material deteriorates physical properties of potato such as freshness, tuber integrity and nutritional quality of tubers. Moreover there is not such study conducted regarding packaging material of potato in this region. Therefore keeping in view the specified problem a study was conducted to investigate the best packaging method for potato with the objectives to analyze the effect of different packaging material on quality and shelf life of stored potato; to identify suitable packaging material for extended storage life of potato; to analyze physico-chemical attribute of potato tubers during storage and to investigate chips quality of stored potato.
Materials and Methods
Physico-chemical and processing attributes of a commercial potato variety was chosen for evaluation because of the recent increasing in their production and contribution to the processing industry in Pakistan. This variety was harvested from potato research farm Naltar Gilgit in October 2014 and was immediately transferred to the Food Technology Department, Karakoram International University Gilgit, where the trials were carried out. The tubers were graded into homogenous lots of > 50 mm length, sorted for the exclusion of damaged, diseased and sunburned tubers afterward placed between [15] [16] [17] [18] [19] [20] o C for suberization for one week.
Packaging trial
Potatoes were packed in different packaging materials of same size (30 cm × 40 cm) and perforations (10%) procured from local market. The set of treatments included T1 = Control T2 = Jute packaging (JP) T3 = Polypropylene net bags (PP) T4 = Cotton packaging (CP) 5 Kg of potato tubers were placed in each replication and 5 kg tubers were maintained in each treatment for per day analysis. In total 60 Kg potatoes were placed in each treatment later subjected to different physico-chemical and processing analysis at 15 days intervals respectively.
Weight loss
The weight loss (%) in different treatments during storage interval was find out by weighting the samples using digital balance 
Glucose
The Glucose test strips method was employed to test Glucose content which was imported from Snack Food Association (Arlington Virginia USA). The change in color was correlated with the color chart and the values were recorded in percentage (%).
Ascorbic acid
The ascorbic acid concentration was find out by titrametric technique using 2, 6, di-chlorophenol indophenol dye (redox dye) as mentioned in [21] . The ascorbic acid contents was determined using the formula Ascorbic acid (mg/100g) = Dye factor × Titration × Volume made up ×100 Weight of sample × Volume of filtrate
Total phenolic contents
The total phenolic contents (TPC) was determined using folin-ciocalteu (FC) assay as illustrated by Lachmann et al., (2008) [22] with few modifications.
Potato chips quality evaluation
In the experiment the potato tubers were processed into potato chips. In order to determine organoleptic evaluation twenty five students with the faculty members of Department of Food Technology selected as judges because they were the habitual consumers of potato chips. The judges graded chips according to their preferences for Crispiness (CRP) and Flavor (FLV) by using five point hedonic scale as described by [20] . The Color (COL) of the chips was compared with British Potato Council (BPC) Frying color chart and the values were showed as approximate L-values.
Statistical analysis
Results obtained were subjected to statistical analysis by considering the varieties and packaging material as variation source, using two-way analysis of variance (ANOVA). Levels of significance at P ≤ 0.05 were determined by least significant difference test (LSD).
Results and discussion Effect on weight loss (%)
The general trend was an increase in weight loss (%) in all treatments; however the rate of weight loss was slower in packaged potato, as compare to control during the storage period ( 
Effect on starch
The variation in starch contents in response to different packaging material showed steady initial increased followed by progressive decline during the storage period ( 
Effect on total sugars
Response of potato packaging to total sugar accumulation was almost consistent with the pattern of glucose accumulation during storage. The total sugar accumulation took place at steady rate which increased till the end of storage period ( 
Effect on glucose
The effect of different packaging materials on glucose contents showed steady increase throughout the storage period however, the rate of increase in glucose contents varied with the type of packaging material (Table  6 ). Treatment means showed significant difference in stored potato with T1 124.52 mg/100g retained maximum while T3 77.17 mg/100g retained minimum glucose contents. Storage interval means also revealed significant difference with maximum value recorded in the last 105 days while minimum during first 15 days storage. The interaction between storage intervals and treatments revealed less significant difference at the start of storage however significant difference have been recorded at the later stages of storage. Steady increase in glucose contents had been observed in potato during storage however the increase was more pronounced in case of control. The rate of increase in glucose level in control started by the 45 days and gradually increased up to 251.12 mg/100g by the end of storage. Rapid increase in glucose contents had been recorded in cotton packaging by 60 days. Least 
Effect on ascorbic acid
In response to different packaging systems the ascorbic acid was among the parameters, which decrease with the increase in storage time ( Effect on total phenolic contents Total phenolic contents (TPC) showed initial decreasing trend which started to increase at the end of storage period (Table 8 ). Considerable decline in total phenolic contents was observed in control as compare to packaged potatoes. Treatment means showed significant difference in total phenolic contents in response to different packagings. T3 (138.44 mg/GAE/100g d.w.) maintained maximum total phenolic contents followed by T2 (142.85 mg/GAE/100g d.w.) and T4 (145.25 mg/GAE/100g d.w.) While minimum were observed in T1 (154.75 mg/GAE/100g d.w.). Storage interval means expressed significant difference with maximum determined in 60 days storage while minimum estimated in 0 days interval (141.04 mg/GAE/100g d.w.). The interaction between treatments and storage intervals showed maximum total phenolic contents in T3 (157.75 mg/GAE/100g d.w.) and during 105 days storage.
Total phenolic contents are bioactive compounds responsible for various significant physiological processes like enzyme activity, nutrient uptake, protein synthesis [45] . They acts as substrate in potato browning mediated through the activities of poly phenol oxidase enzymes and molecular oxygen followed by subsequent melanin formation [46] . High retention of total phenolic contents during storage is attributed to low poly phenol oxidase and momentous anti-oxidant activity in potatoes [11] . During storage total phenolic contents in potato continued to increase [47] till the onset of poly phenol oxidase activity. The presence of ample molecular oxygen in control caused significant decline in total phenolic contents as compare to other treatments. Our results indicated that packaging materials in general polypropylene in particular curtail the decline in total phenolic contents as compare to control which are also in line with the findings of [48]. 
Effect on chip flavor
Chips flavor (CFL) estimated as scores recorded by the judges showed an initial increase and eventual decreasing trend in all the treatments during the storage ( Table 9 ). The treatment means exhibited maximum chips flavor scores recorded in T3 (4.26) followed by T2 (3.99), T4 (3.75) and minimum found in T1 (3.65). The means of storage intervals showed maximum chips flavor during the mid-storage intervals while minimum were articulated during the start and end of the storage. The interaction between storage intervals and treatments showed minimum (2.72/5.00) and maximum (4.61/5.00) scores in T1 and T2 respectively during storage. In general chips flavor scores increased in all the treatments after 30 days storage which started to decline after 60 days storage in most of the treatments. Potatoes Flavor is the sensory impression of food detected by the blend of taste and smell senses. It is the overall resultant impression derived by the taste buds in mouth and aroma detected by olfactory epithelium in nose. Flavor evolution in potato chips is primarily attributed to the oil uptake and corresponding volatile formations during thermal processing [49] . In the present study generally chips flavor scores were found in consistent with the other quality attributes in potato chips. The maximum chips flavor scores were identified in polypropylene net bags and jute packaged potatoes as compare to control. 
Effect on chip crispiness
Chip crispiness (CCR) scores showed a steady increase followed by final decrease in all the treatments however the rate of decrease in chip crispiness scores was found lower in packaged potatoes as compare to control (Table 10) . Treatment means revealed significant difference in all the treatments and were also found statistically dissimilar at 5% level of significance. Storage interval means showed initial increase in chip crispiness scores which remained persistent during the most of storage time and found minimum during the end of storage. The interaction between treatments and storage intervals showed maximum chip crispiness scores in T3 (4.76) and T4 (4.61) on 45 th day. Minimum chip crispiness scores were identified in control in T1 (2.35) at the end of storage. Chip crispiness scores expressed in T3 (4.01) at the end of storage were found similar to those identified on 30 th day of storage in T1 (4.01). Over all percentage declines in chip crispiness scores was found maximum in Control and minimum in Polypropylene net bags packaged potatoes during storage. Potato chip texture is often described as crispiness which is an important sensorial attribute for consumer's appreciations. Eminent crispy structure develops in potato chip due to the hardening of chip crust during frying at elevated temperature [50] . Crispiness in potato chips is dependent on the excellence of raw material and improved processing techniques. Potato tubers with high specific gravity and dry matter contents reported to produce potato chips with high crispiness value predominantly influenced by starch and non-starch polysaccharides (proto pectin) contents [20] . Jaswal [51] reported that the potato with high specific gravity contain high molecular weight, stable and compact polysaccharides (starch, pectin etc.) contents preventing their integrity thus contributing to their appreciable textural configurations during frying. In the present study the potato tubers with high specific gravity value maintained appreciable chip crispiness scores in the fried products. Although chip crispiness scores with in most of packaging materials remained statistically in significant however potatoes with high specific gravity value produced chips with appreciable chip crispiness value as compare to control which confirmed the findings reported by the researchers above. 
Conclusions
In this study three packaging material (cotton, jute and propylene net bags) were tested against potato tuber to maintain quality during storage. From the results it was concluded that propylene net bags showed efficient packaging material followed by jute. So it is recommended that propylene net bags may be used as a packaging material for potato tuber during storage. Moreover the "Lady Rosetta" found as superior processing variety for potato manufacturing owing to its appropriate size and shape, high dry matter and reducing sugar with best processing performance. 
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